We study the exclusive decays of B → K ( * ) ℓ + ℓ − by the results in the perturbative QCD with the heavy quark effective theory and lattice calculations. We obtain the form factors for the B → K ( * ) transitions in the whole allowed region. Our predictions on the branching ratios 
Introduction
[5] and (0.78
+0.24+0.11
−0.20−0.18 ) × 10 −6 [6, 7] , at the Belle detector in the KEKB e + e − storage ring and the BABAR detector in the PEP-II B factory by using 29.1 f b −1 and 77.8 f b −1 data simples, respectively. Experimental searches at the B-factories for B → K * ℓ + ℓ − are also close to the theoretical predicted ranges [5, 6, 7] . At BABAR, an excess of events over background with estimated significance of 2.8 σ has been observed and Br(B → K * ℓ + ℓ − ) = (1.68
+0.68
−0.58 ± 0.28) × 10 −6 has been obtained [7] . It is clear that these FCNC rare decays are important for not only testing the SM but probing new physics such as supersymmetric heavy particles in SUSY models, appearing virtually in the loop diagrams to interfere with those in the SM.
It is known that one of the main theoretical uncertainties in studying exclusive hadron decays arises from the calculations of matrix elements. In our previous work [4] , we calculated the relevant transition form factors for B → K(K * ) decays in the perturbative QCD (PQCD) approach with the phenomenological wave functions, which are chosen by fitting with the experimental measurements of B → Kπ and B → K * γ decays. Moreover, in order to compensate the increasing soft gluon effects in the slow recoil region, we used trial q 2 -dependent wave functions instead of unknown b-dependent wave functions, where b is the conjugate variable of transverse momentum of valence quark. However, with the trial wave functions, it is difficult to estimate the errors in the B → K(K * ) form factors as well as the branching ratios and other physical observables in B → K(K * )ℓ + ℓ − decays.
To get a control of theoretical uncertainties in B → K(K * )ℓ + ℓ − decays, in this paper, we first recalculate the corresponding form factors at the large recoil region of the momentum transfer q 2 → 0 with the improved PQCD approach that includes not only k T resummation, for removing end-point singularities, but also threshold resummation, for smearing the double logarithmic divergence arising from weak corrections [8] . The involved wave functions are used up to twist-3, derived from QCD sum rule [9] . Then, we fit these results with those from the heavy quark effective theory (HQET) and the lattice QCD (LQCD) calculations in the large q 2 region to get the whole q 2 allowed values.
To emphasis the role of new physics, we define some P and T-odd observables. We will show that the effects of some observables are small in the SM but can be large and measurable in models with new physics.
The paper is organized as follows. In Sec. II, we present the form factors of the B → K ( * )
transitions in the framework of the PQCD. In Sec. III, we estimate the decay rates of
We also study the polarization of
we discuss P and T violating effects in
We present our conclusions in Sec. V.
form factors in
To obtain the transition elements of B → H (H = K, K * ) with various weak vertices, we parametrize them in terms of the relevant form factors as follows:
where It is known that in the large energy transfer processes, the hadronic transition matrix elements can be calculated by the Lepage-Brodsky (LB) [10] formalism. However, the original LB formalism suffers logarithmic and linear singularities in twist-2 and twist-3 wave functions from the end-point region with a momentum fraction x → 0, respectively. In order to a The relationships between various definitions of the form factors have been given in Appendix of Ref. [4] . handle these singularities, the strategy of introducing the k T resummation and threshold resummation has been proposed. It has been shown that due the induced Sudakov factors which make the |k T | fromΛ scale to (Λm B )
1/2 withΛ = m B − m b [8] and m b being the b-quark mass, the singularities do not exist in a self-consistent improved PQCD analysis [11] . Furthermore, due to the different properties of wave functions at end-point region, it is found that the power behaviors in B → K(K * ) form factors are the same in twist-2 and 3 wave functions [12] . It shows the importance of twist-3 contributions. According to Ref.
[12], we also know that other higher twist wave functions exist extra power suppression in m 0 /m B with m 0 being the chiral symmetry breaking parameter so that they are neglected in our considerations.
Recently, the applications of the PQCD approach to exclusive heavy B meson decays, such as B → Kπ [13] , B → ππ(KK) [14, 15] , B → φπ(K) [16, 17] , and B → ρK [18] decays, have been studied and found that all of them are consistent with the current experimental data. As known, in these two-body charmless decays, the squared momentum transfer is around m 2 M with M being a pseudoscalar or a vector meson. That is, the PQCD can work well at the region of q 2 ≃ m 2 M . Therefore, we will apply the predicted results of the PQCD to the large recoil region where the final outgoing meson M carries a large energy and momentum. As to the opposite region near q 2 | max , we can use the relations among the form factor given in the HQET [19] by substituting the calculated values of the form factors from the LQCD [20] in them to get the remaining ones. Once the values of the form factors at both end edges of the allowed q 2 are determined, we can find the q 2 -dependent ones by fitting the forms
where s = q 2 /m 2 B , F i (0) are form factors at q 2 = 0, and σ 1,2 are the fitted parameters.
We now show how to obtain the form factors at large and zero recoil:
At large recoil
and K * polarization vector ǫ in the B meson rest frame and light-cone coordinate are taken to be
where η ≃ 1 − s and r H = m H /m B , while those for the spectators of B and H sides are expressed as
respectively. In our calculations, we will neglect the small contributions from m u,d,s andΛ as well as m 2 H due to the on-shell condition of the valence-quark preserved. From the results of Ref. [9] , the K ( * ) meson distribution amplitudes can be derived up to twist-3 as follows:
where n + = (1, 0, 0 ⊥ ) and n − = (0, 1, 0 ⊥ ). In Eq. (5), φ K (x), φ K * (x) and φ T K * (x) are the twist-2 wave functions, and all the remaining ones belong to the twist-3. Their explicit expressions can be found in Ref. [9] .
By using the LB formalism with including k T and threshold resummation, the form
, and f T (q 2 ) in B → K can be written as
where
and
From Eq. (6), we find that f + (0) = f 0 (0). The evolution factor is given by
where the Sudakov exponents S B(K) are given in Ref. [21] . The hard functions of h are written as
where the threshold resummation effect is described by [8] S t (x) = 2 1+2c Γ(
The hard scales t (1, 2) are chosen to be
In Ref. [12] , we have given detailed discussions and expressions for all form factors in the B → K * transition based on the PQCD in the large recoil region. We emphasize that in the PQCD approach there is an identity at q 2 = 0, given by [12]
which is consistent with the leading order model-independent relation [1, 22, 23, 24, 25, 26 ] 
where ω B is the shape parameter [27] and N B is determined by the normalization of the wave function, given by
Since the shape parameter ω B and chiral symmetry breaking parameter m Table 1 . It is known that at the small q 2 region there exists a large energy effective theory (LEET) so that all form factors for heavy-to-light decays can be described by few independent functions [23] . In Table 1 , we also show the results found by combining the LEET with the experimental data of B → K * γ [24] . We note that our results for the form factors are different from those in Ref. [4] , which shall be referred as (III). We remark that we have neglected nonlocal contributions from the four-quark operators. These effects can contribute in the 5 − 10% range to the form factors [28] . 
1.61 ± 0.11 0.61 ± 0.03 1.54 ± 0.12 22 2.05 ± 0.12 0.67 ± 0.03 1.99 ± 0.13
At zero recoil 2.2.1 Form factors in B → K
According to the analysis of Ref. [19] , under the heavy quark symmetry, the form factor of f T (q 2 ) in B → K can be written in terms of two independent form factors as
Since there is no complete lattice calculations on the form factors in B → K in the literature yet, the strategy to obtain f + and f − is that we utilize the relationships, which connect the form factors between B → K and D → K with the HQET, given by [19] 
is the relevant renormalization factor. We note that the form
. In order to get the values at zero recoil, we adopt the lattice results in D → K [29] , where the predicted BR for D → Kℓν is consistent with the measurement [30] . From Eqs. (12) and (13), we find the form factors shown in Table 2 in the large q 2 region. In Table 3 , we show the form factors in B → K at q 2 = 0 and fitted parameters of σ 1,2 in Eq. (2).
Form factors in B → K *
We calculate the form factors in B → K * by using the same technique as that in B → K.
Following the HQET, we have the relations given by [19, 31] 
We remark that the above identities are valid only for q 2 close to the zero recoil region where the HQET is reliable. We note that the relations in Eq. (14) are not complete as they mix terms of different order in 1/m b in the zero recoil region [32] . The correct treatment has been given recently in Ref. [33] . From Eq. (14), we find that V (q 2 ), A 1 (q 2 ), and T 3 (q 2 ) can be determined once T 1,2 (q 2 ) and A 0,2 (q 2 ) are fixed. In Table 4 , we display the form factors in B → K * , where we have used Eq. (14) in the HQET and the lattice QCD results [20] of T 1,2 (q 2 ) and A 0,2 (q 2 ), which have been demonstrated to be consistent with the measurement in B → K * γ. We remark that A 0 (q 2 ) = T 1 (q 2 ) has been taken in the lattice calculations.
The form factors in B → K * at q 2 = 0 and fitted parameters of σ 1,2 in Eq. (2) are shown in Table 5 . Table 5 : Form factors in B → K * at q 2 = 0 and fitted parameters of σ 1,2 in Eq. (2). 
Differential Decay Rates and polarizations
From the definitions of form factors in Eq. (1), in the SM the transition amplitudes for
can be written as
with
where we have set m ℓ = 0 (ℓ = e, µ) , λ t = V tb V * ts ≃ 0.041 ± 0.002 [34] ,
are the Wilson coefficients (WCs) and their expressions can be found in Refs. [4, 35] , and i = 1 (2) for ξ j = h j (g j ) with j = 1, 2, 3, defined in Appendix.
For the decays of B → Kℓ + ℓ − , since the K meson is a pseudo-scalar, the only interesting physical observables are the decay rates themselves, whereas other observables such as the lepton polarizations, discussed in detail in Refs. [1, 2, 3, 4] , are hard to be measured by experiments. The differential decay rates for B → Kℓ + ℓ − are given by [4] 
where 
where a = 1 (2) . We note that other discussions for various polarizations can be in Refs. [36, 37, 38] . From Eq. (19) , by integrating all angles we obtain
where we have used that Br(K * → Kπ) = 1 [30] .
The components M 0 a and M ± a in Eq. (20) clearly denote the longitudinal and transverse polarizations, which can be extracted by integrating out the angle φ dependence in Eq. (19) , respectively, and explicitly we have that
From Eqs. (21) and (22), we may define
as the normalized longitudinal and transverse parts with their ratio being
In Figures 1 and 2 , we show the differential decay rates of B → K ( * ) µ + µ − as functions of
with and without resonantcc states, respectively. From both figures, it is obvious to see that the dilepton invariant distributions for the two modes are quite different. However, we expect that the distribution for B → Kℓ + ℓ − , which contains only the longitudinal part due to the angular momentum conservation, is the similar to the corresponding part in B → ℓ . This not only explains why the differential decay rates increase as q 2 → 0 but also indicates the reason for the difference between BRs in B → K * e + e − and
Using Eq. (21) and the fitted form factors in Tables 5 and 3 , we obtain
where the first and second errors are from λ t and the hadronic effects, shown in Tables 3 and 5, respectively. We remark that the central value of Eq. (26) for B → K * e + e − is the same as the BABAR recent measured value [7] and it is much smaller than that in (III) of Ref. [4] but that for B → K * µ + µ − a little larger.
In Figure 3 , we present the effects of K * longitudinal and transverse polarizations based on Eqs. (23) and (24) . In Figure 4 , we display the ratio of ξ(q 2 ) and we see that when s ≤ 0.016 , where B → K * γ is the main effect, and s ≥ 0.339, where the longitudinal contribution is suppressed, the transverse part of the K * polarization becomes dominant.
We find that both P L and P T as well as ξ(q 2 ) are insensitive to the hadronic uncertainties in (I) and (II). Moreover, the differences between the results of (I,II) and (III) are small.
T and P violating effects
The terms with imaginary parts in Eq. (19) are related to T odd effects which, without final state interactions, are T violating and thus CP violating due to the CPT theorem. In a three-body decay, the triple correlations such as s k · p i × p j are examples of the effects, where s k denotes the spin vector carried by one of involving particles and p i,j are the momentum vectors of outgoing particles. In the decays of B → K * ℓ + ℓ − , the spin s k can be either the polarized lepton, s ℓ , or the K * meson, ǫ * (λ). However, since the lepton polarization is always associated with the lepton mass and expected to be suppressed and less than 1% for the e or µ mode. On the other hand, the T odd effects with K * are free of the mass suppression and they can be large in models with new physics [12, 39] . To study these effects, we define [12, 39] 
where given by
accompanied with sign functions of ω T 1 (sin θ K , sin θ ℓ + ) and ω T 2 (cos θ K , sin θ ℓ + ), respectively.
By defining the physical observables as
from Eqs. (27) , (28) and (29) we obtain that
We note that as shown in Refs. [12, 39] A T 1 and A T 2 depend on ImC ef f 9 (µ)C 7 (µ) * and ImC 7 (µ)C * 10 , respectively. In the SM, A T 2 is zero since there are no absorptive parts expected from C 7 and C 10 , whereas A T 1 is non-zero due to that from C ef f 9 . However, it is clear that the T-odd observable of A T 2 can be large in models with new CP violating phases beyond the SM. To illustrate a new physics result, in Figure 5 we show the T violating effect of A T 2 as a function of s by taking two cases with the imaginary parts of WCs as follows: (i) ImC 7 (µ) = 0.25 and (ii) ImC 7 (µ) = 0.25 and ImC 10 = −2.0. One possible origin of having these imaginary parts is from SUSY [39] where there are many CP violating sources. Here, we only show the cases with (I) and (III) while those in (II) are almost the same as (I). It is interesting to note that the CP violating effect can be as large as 15% in both cases as shown in Figure 5 . We remark that A T 1 is much smaller than A T 2 in most of cases with new physics.
From Eq. (19), we can also study another interesting physical observable associated with the angular distribution of sin 2θ
This observable is defined as an up-down asymmetry (UDA) of the K meson due to its dependence of cos θ K .
Explicitly, we define that
as the operator corresponding to the UDA of K in the K * (→ Kπ) rest frame and from Eqs.
(19), (27) and (30) we find that
which clearly violates parity.
In Figure 6a , we show the A 
We note that the point s 0 is insensitive the QCD models but the Wilson coefficients of C 7 (µ) and C 9 (µ), especially the relative sign between them. To show the result, in Figure 6b we present two extreme cases of (i) C 7 (µ) = −C 7 (µ) SM (solid curve) and (ii) C 9 (µ) = −C 9 (µ) SM (dash-dotted curve) with the remaining Wilson coefficients the same as those in the SM, respectively. From the figure, we see that the distributions in the two cases are quite different and moreover, s 0 disappears, i.e., it exists only if C 7 (µ) and C 9 (µ) have an opposite sign since C 7 (µ) SM < 0 and C 9 (µ) SM > 0. It is clear that s 0 provides us a good candidate to explore new physics due to the insensitivity of the QCD models and dependence on the WCs.
Conclusions
We have studied the exclusive decays of B → K 
